Background-The newly developed percutaneous heart valve (PHV) implantation technique decreases transaortic pressure gradient in patients with aortic stenosis. PHV replacement effects on left ventricular (LV) global and regional systolic function are currently unknown. Methods and Results-Eight patients with severe aortic stenosis had 2D echocardiography at baseline and 24 hours after PHV implantation to evaluate changes in LV volume and LV ejection fraction. Regional function, ie, both peak systolic anterior and posterior wall tissue velocity, as well as strain and strain rate imaging, were measured by tissue Doppler imaging from a short-axis view. At 24 hours, a significant reduction in transaortic mean pressure gradient (from 46Ϯ15 to 8Ϯ3 mm Hg; PϽ0.0001) was accompanied by an increase in aortic valve area (from 0.59Ϯ0.11 to 1.69Ϯ0.11 cm 2 ; PϽ0.0001). LV end-diastolic volume remained unchanged (102Ϯ36 to 101Ϯ12 mL; PϭNS), whereas LV ejection fraction increased (48Ϯ18% to 57Ϯ12%; PϽ0.01). Improvement in posterior wall displacement (posterior wall tissue velocity increased from 2.2Ϯ0.5 to 4.4Ϯ1.0 cm/s
I
n patients with severe aortic stenosis (AS), subclinical systolic abnormalities are underestimated and may contribute to symptoms despite normal ejection fraction. Abnormal left ventricular (LV) systolic function starts at early stage of the disease, with reduction of regional deformation 1 secondary to extensive remodeling of the extracellular matrix 2 leading to hypertrophy and ultimately to depressed LV ejection fraction. This is related to the critical afterload imposed by the aortic valve stenosis. Tissue Doppler imaging is one of the most appropriate ultrasound technologies capable of detecting any clinical and subclinical regional LV dysfunction in numerous diseases using displacement and deformation indices. 1, 3 By reducing transaortic pressure gradient, percutaneous heart valve (PHV) implantation successfully cures LV elevated afterload in patients with AS. 4 However, its effects on LV systolic function are unknown. We therefore applied tissue Doppler imaging to detect subtle improvement in global and regional LV systolic function immediately after PHV implantation.
Methods
The protocol was approved by a local, national, and international board. All patients gave written informed consent before participation. Subjects had an aortic valve area Ͻ0.7 cm 2 .
Eight consecutive AS patients who were symptomatic despite maximal medical therapy underwent PHV implantation after being declined by 2 independent surgeons due to hemodynamic instability and associated severe comorbidities. Twenty-four hours before PHV implantation, transthoracic 2D and Doppler echocardiography was performed. The day of aortic valve implantation, aortic catheterization was carried out simultaneously with LV catheterization. On the pressure tracings, aortic systolic pressure, aortic diastolic pressure, peak systolic LV pressure, and LV end-diastolic pressure were measured. Peak-to-peak and mean systolic transaortic pressure were determined. Nonsurgical aortic valve replacement procedure has been described elsewhere. 5, 6 In 6 cases, the anterograde transseptal approach was used, whereas in 2 cases, the retrograde arterial method was used. Briefly, a stiff 0.035-inch guide wire was engaged through the native aortic valve, and then the PHV was advanced over the wire within the stenotic native valve. After optimal positioning, the prosthetic heart valve was delivered by maximal balloon inflation, 23 mm in diameter, under fast cardiac pacing (220 bpm) to decrease the blood flow and help stabilize the balloon/PHV assembly during inflation. Hemodynamic parameters and transthoracic echocardiography were reiterated immediately after PHV implantation. Transthoracic echocardiography was repeated 24 hours after the procedure.
Echocardiographic Studies
Parasternal and apical views were obtained by use of a VingMed ultrasound system. For echocardiographic acquisition, parameters were averaged during 3 to 5 cardiac cycles. LV outflow tract pulsed-Doppler spectrum as well as transaortic Doppler spectrum in the 5-chamber view were acquired for velocity recording. Posterior and anterior wall velocities (3 cycles) were recorded with 2D color tissue Doppler imaging at a frame rate averaging 110 frames per second.
Echocardiographic Analysis
A single observer performed the analysis online for conventional echocardiographic parameters and offline for tissue Doppler measurements using a workstation (EchoPac software). Measurements included LV end-systolic and end-diastolic volumes and LV ejection fraction. LV outflow tract cross-sectional area (CSA) was determined from the parasternal long-axis view. Aortic valve was analyzed for velocity time integral (TVIAo), mean pressure gradient, and peak pressure gradient derived from the modified Bernoulli equation: peak pressure gradientϭ4v 2 , where v (m/s) is transaortic peak velocity. LV outflow tract was interrogated for velocity time integral (TVIlvot). Aortic valve area by echocardiography (AVA) was calculated from the continuity equation: AVAϭ(CSAϫTVIlvot)/TVIAo. 7 For tissue Doppler velocity measurement, sample volumes were placed at the posterior and the anterior wall from the parasternal short-axis views. Strain rate imaging and strain were determined as described previously. 3 An offset of 10.8 mm was used for both strain studies. Tissue velocity, strain rate imaging, and strain curves were calculated from exactly the same sample volume. We therefore measured peak systolic tissue velocity, peak systolic strain rate imaging (SRIps), and peak systolic strain (Sps) (Figure 1 ).
Statistics
Preimplantation and postimplantation data were compared by paired t test. Significance was set at PϽ0.05.
Results
Mean age was 82.6Ϯ3.3 years (range, 77 to 88 years; 6 women). All patients were in NYHA class IV, with 2 patients in cardiogenic shock. By echocardiography, all patients had severe AS, with AVA averaging 0.59Ϯ0.11 cm 2 . Peak pressure gradient and mean pressure gradient were 78Ϯ19 and 46Ϯ15 mm Hg, respectively. LV ejection fraction averaged 48Ϯ18% (range, 22% to 73%), and LV ejection fraction was lower than 45% in 3 patients. Nonsurgical aortic valve replacement was successfully achieved in all patients.
Changes in Hemodynamics and Aortic Valve Properties After PHV Implantation
All data are summarized in the Table. There were no changes in aortic systolic and diastolic pressures or in heart rate, whereas LV systolic and LV end-diastolic pressures significantly decreased after PHV implantation. Immediately after 
Changes in Global and Regional Systolic Function
LV end-diastolic and end-systolic volumes were unchanged, but LV ejection fraction increased from 48Ϯ18% to 57Ϯ12% (PϽ0.01) at follow-up (Table) . Improvement in LV ejection fraction was obvious in patients with low ejection fraction. Peak systolic tissue velocity was significantly improved at LV posterior wall, whereas it was relatively unchanged at LV anterior wall (2.2Ϯ0. 5 
Discussion Systolic Function in Patients With Aortic Stenosis
In the evolving course of AS, patients frequently have global LV dysfunction, evidenced by echocardiographic low ejection fraction. Recently, subclinical LV systolic dysfunction by tissue Doppler imaging was found in patients with AS despite good ejection fraction. Displacement and deformation of some LV regional portions were significantly decreased compared with baseline. 1 The progressive accumulation of interstitial collagen fibers in hypertrophied left ventricle, in parallel to an increase in heart weight, contributes to a spectrum of regional ventricular dysfunction involving either the diastolic or systolic phase of the cardiac cycle. This phenomenon precedes the global LV dysfunction.
Conventional echocardiography is appropriate to detect global LV dysfunction but not subclinical systolic abnormalities. Sensitivity of tissue Doppler imaging is superior and is now being used to evidence regional systolic dysfunction at early stages of pressure-overloaded left ventricle before ejection fraction deteriorates. Patients with essential hypertension and normal ejection fraction have reduced LV longitudinal function. 8 In patients with AS, the degree of abnormality in regional deformation correlates with aortic valve area. 1
Reversibility of Systolic Dysfunction After PHV Implantation
Surgical aortic valve replacement favorably modifies LV remodeling by immediate fall in afterload at early stage and later on corrects the neurohormonal imbalance. 9 Improvement in LV ejection fraction is apparent in patients with low LV ejection fraction before surgery exhibiting a contractile 4 We demonstrated in the present study significant improvement in global and regional LV function as soon as PHV implantation, even in patients with low ejection fraction. This improvement 24 hours after the procedure suggests the main influence of afterload on regional systolic function. Although our population was not compared with age-matched controls, strain rate imaging and strain did not normalized after valve implantation. 1 Improvement in regional deformation is limited by the collagen content that correlates directly to the severity and the duration of the disease, which makes the regional systolic function partially reversible at short-term follow-up.
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In conclusion, percutaneous aortic valve replacement is characterized by an immediate enhancement of global and regional systolic function, even in patients with low ejection fraction. In a attempt to confirm our findings, global and regional systolic function should be explored over time and correlated to functional class and quality of life.
